Molecular mechanisms associated with increased tolerance to the neonicotinoid insecticide imidacloprid in the dengue vector Aedes aegypti.
Mosquitoes are vectors of several major human diseases and their control is mainly based on the use of chemical insecticides. Resistance of mosquitoes to organochlorines, organophosphates, carbamates and pyrethroids led to a regain of interest for the use of neonicotinoid insecticides in vector control. The present study investigated the molecular basis of neonicotinoid resistance in the mosquito Aedes aegypti. A strain susceptible to insecticides was selected at the larval stage with imidacloprid. After eight generations of selection, larvae of the selected strain (Imida-R) showed a 5.4-fold increased tolerance to imidacloprid while adult tolerance level remained low. Imida-R larvae showed significant cross-tolerance to other neonicotinoids but not to pyrethroids, organophosphates and carbamates. Transcriptome profiling identified 344 and 108 genes differentially transcribed in larvae and adults of the Imida-R strain compared to the parental strain. Most of these genes encode detoxification enzymes, cuticle proteins, hexamerins as well as other proteins involved in cell metabolism. Among detoxification enzymes, cytochrome P450 monooxygenases (CYPs) and glucosyl/glucuronosyl transferases (UDPGTs) were over-represented. Bioassays with enzyme inhibitors and biochemical assays confirmed the contribution of P450s with an increased capacity of the Imida-R microsomes to metabolize imidacloprid in presence of NADPH. Comparison of substrate recognition sites and imidacloprid docking models of six CYP6s over-transcribed in the Imida-R strain together with Bemisia tabaci CYP6CM1vQ and Drosophila melanogaster CYP6G1, both able to metabolize imidacloprid, suggested that CYP6BB2 and CYP6N12 are good candidates for imidacloprid metabolism in Ae. aegypti. The present study revealed that imidacloprid tolerance in mosquitoes can arise after few generations of selection at the larval stage but does not lead to a significant tolerance of adults. As in other insects, P450-mediated insecticide metabolism appears to play a major role in imidacloprid tolerance in mosquitoes.